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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Division  of  Agricultural  Soils, 

Washington,  D.  0.,  February  14,  1896. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  number  of  photographs 
illustrating  in  a  graphic  way  the  texture  of  some  important  types  of 
soil,  with  a  brief  descriptive  text.  The  relation  of  soils  to  crops  and 
the  cause  of  the  local  distribution  of  crops  have  long  been  sought  in  the 
study  of  the  chemical  composition  of  soils  and  plants.  Much  of  this 
work  has  at  present  no  practical  value,  as  other  important  influences 
have  been  overlooked,  or  at  least  have  not  been  properly  appreciated. 
The  physical  properties  of  soils  have  been  recognized  as  important 
factors  in  crop  production,  but  this  side  of  the  problem  has  never  been 
sufficiently  investigated  to  determine  the  nature  or  extent  of  the  influ- 
ence of  these  physical  conditions.  There  have  been  no  means  of  express- 
ing the  conditions  in  the  physical  properties  of  soils  which  practical 
farmers  recognize  in  selecting  crops  and  methods  of  cultivation. 

The  investigations  of  this  division  on  the  physical  properties  of  soils 
throw  an  important  light  upon  the  relation  of  soils  to  crops  and  upon 
the  local  distribution  of  crops.  It  is  not  claimed  that  these  are  the 
only  factors  determining  the  relation  of  soils  to  crops,  as  might  appear 
from  the  absence  of  any  reference  to  the  chemical  composition  of  the 
soils,,  but  it  is  believed  that  these  investigations  show  that  the  phys- 
ical conditions  in  many  of  these  great  soil  areas  have  such  a  predomi- 
nating influence  upon  the  life  and  development  of  plants  as  to  cause  the 
differences  in  the  chemical  composition  of  the  soils  to  be  entirely  lost 
sight  of.  The  physical  conditions  maintained  by  these  soils,  therefore, 
determine  the  class  of  crops  adapted  to  the  land. 

Our  knowledge  of  the  physical  properties  of  soils  is  so  far  behind  our 
knowledge  of  their  chemical  composition  that  the  former  needs  to  be 
advanced  and  pressed  upon  the  attention  of  practical  and  scientific 
minds  until  the  full  importance  of  it  is  recognized. 

I  recommend  that  this  report  be  published  as  a  bulletin  of  this 
division. 

Eespectfully,  Milton  Whitney, 

Chief  of  Division. 
Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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TEXTURE  OF  SOME  IMPORTANT  TYPES  OF  SOIL, 


RELATION  OF  SOILS  TO  CROP  PRODUCTION. 

The  relation  of  soils  to  crops  lias  been  a  fruitful  source  of  investiga- 
tion in  the  field  and  laboratory,  especially  during  the  past  fifty  years. 
Farmers  are  greatly  concerned  with  this  problem,  for  with  the  growth 
of  cities  in  our  modern  civilization  the  class  of  nonproducers  has  been 
enormously  increased-  advances  in  industrial  and  commercial  lines  call 
for  new  crops  or  variations  in  those  already  grown ;  the  great  improve- 
ment in  transportation  facilities  has  largely  extended  the  markets  for 
all  crops  and  farm  products,  at  the  same  time  increasing  competition. 
It  is  thus  of  vast  importance  for  the  farmer  to  understand  what  crops 
are  suited  to  different  soils  and  what  methods  and  processes  will  increase 
the  yield  and  improve  the  quality  of  crops  in  the  most  economical  way. 

Plants  require  food  to  sustain  life  and  promote  growth.  The  chem- 
ical relation  of  soils  to  crops  has  been  the  main  subject  of  investiga- 
tion in  the  past,  in  the  belief  that  this  is  the  controlling  factor  in  crop 
production.  The  relation  of  soils  to  crops  depends  also  in  part,  how- 
ever, upon  the  structure,  physical  properties,  and  conditions  of  the  soil. 

While  the  chemical  and  the  physical  properties  of  soils  are  each  neces- 
sary factors  in  plant  growth,  one  or  the  other  may,  in  any  particular 
case,  exert  such  a  controlling  influence  as  to  determine  the  relation  of 
that  particular  soil  to  crop  production  and  make  the  other  relatively 
unimportant.  Many  of  the  results  obtained  from  the  chemical  analyses 
of  soils  and  plants  have  had  as  yet  no  interpretation  which  would  give 
them  a  practical  value,  because  the  physical  conditions  of  the  soils  are 
often  the  controlling  factor  in  crop  production,  and  these  have  not  been 
sufficiently  considered.  It  has  been  shown  (Weather  Bureau  Bulletin 
No.  4)  that  the  physical  properties  of  the  principal  soils  of  the  Atlantic 
Coast  States  have  a  controlling  influence  upon  crop  distribution  and 
production.  Soils  adapted  to  the  same  class  of  crops  under  given 
climatic  conditions  have,  as  a  rule,  the  same  texture,  or  the  same  rela- 
tive amount  of  sand,  silt,  and  clay,  and  maintain  the  same  physical  con- 
ditions, while  the  texture  and  physical  conditions  of  soils  adapted  to 
other  classes  of  crops  differ  greatly  from  these. 

The  most  important  physical  property  of  soils  in  their  relation  to  crop 
production  is,  undoubtedly,  the  amount  of  water  maintained  by  them; 
This  is  dependent  mainly  upon  the  resistance  offered  by  the  soil  to  the 

descent  of  rain. 
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The  earth  has  three  envelopes— an  envelope  of  air,  an  envelope  of  soil, 
and  an  envelope  of  water.  The  envelope  of  air  offers  but  little  resistance 
to  the  descent  of  rain,  as  the  rain  encounters  but  little  friction  in  falling 
through  it,  and  it  may  pour  down  in  torrential  storms.  The  envelope  of 
soil  offers  much  more  resistance  to  the  descent  of  rain,  and  the  rain, 
although  it  continues  to  fall  through  the  soil  until  it  finally  reaches  the 
level  of  the  ocean,  moves  slowly  by  reason  of  the  friction  it  encounters 
in  passing  through  the  minute  spaces  between  the  grains  through  which 
it  has  to  move.  On  account  of  this  resistance  to  the  descent  of  rain 
and  the  slow  rate  at  which  it  passes  through  the  soil,  the  water  is  held 
back  and  retained  for  the  use  of  plants.  The  resistance,  and  therefore 
the  relative  amount  of  moisture  maintained  by  different  soils,  depends 
upon  the  volume  of  space  in  the  soils  for  the  water  to  enter;  upon  the 
texture,  or  how  much  the  space  is  divided  up,  which  depends  upon  the 
number  of  grains  of  sand,  silt,  and  clay;  upon  how  these  grains  are 
arranged;  upon  the  amount  of  organic  matter  in  the  soil,  and  upon  the 
depth  of  the  soil. 

As  a  rule,  soils  contain  about  50  per  cent  by  volume  of  empty  space ; 
that  is,  in  1  cubic  foot  of  soil  there  is  usually  about  one-half  a  cubic  foot 
of  space  into  which  water  or  air  can  enter. 

In  a  sandy  soil  this  space  is  not  divided  up  so  much  as  in  a  clay  soil, 
the  grains  of  sand  being  larger  the  spaces  between  the  grains  are  also 
larger,  there  is  less  friction,  and  the  water  moves  downward  more 
quickly.  These  sandy  soils  will  not,  therefore,  maintain  much  moisture 
for  the  use  of  plants.  The  granules  of  clay  soils,  on  the  other  hand, 
are  so  exceedingly  minute,  and  there  are  such  a  vast  number  of  them 
in  a  given  weight  of  soil,  that  the  spaces  between  them  are  exceedingly 
small,  and  consequently  great  resistance  is  offered  to  the  descent  of 
rain.  The  water  moves  very  slowly,  and  a  relatively  large  amount  is 
maintained  for  plants. 

Where  the  grains  are  evenly  distributed  in  the  soil  and  the  spaces 
between  the  grains  through  which  the  water  moves  are  of  nearly  uniform 
size,  the  resistance  is  at  a  maximum  and  the  water  moves  very  slowly 
through  the  soil.  This  is  the  condition  of  a  soil  which  is  puddled  and 
which  is  close  and  impervious  to  water.  If,  on  the  contrary,  the  soil 
grains  are  grouped  in  masses  and  the  grains  of  clay  cling  closely 
together,  leaving  some  of  the  spaces  larger  and  others  smaller  than 
when  the  grains  are  uniformly  distributed,  there  will  be  less  friction; 
the  soil  will  be  loamy  and  will  maintain  much  less  moisture  than  before, 
as  the  rainfall  can  move  downward  much  faster  by  reason  of  the  less 
amount  of  friction. 

The  accompanying  illustrations  show  something  of  the  importance 
of  the  arrangement  of  the  soil  grains.  PI.  1,  fig.  1,  shows  a  number  of 
grains  of  silt  spread  out  on  a  microscope  slide  and  greatly  magnified. 
These  grains  are  immersed  in  water,  and  if  they  are  agitated  they  move 
freely.     There  is  no  apparent  attraction  between  grains,  and  if  two  of 
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Plate  1 


Fig.  1. 


Fig.  2. 


them  collide  they  move  apart  as  though  there  were  a  force  acting 
between  them  to  keep  them  at  a  certain  distance  from  each  other. 

Fig.  2  shows  the  same  grains  of  silt,  to  which  a  drop  of  limewater 
has  been  added.  It  will  be  seen  that  this  has  changed  the  entire 
arrangement  of  the  soil  grains.  They  are  no  longer  spread  out  evenly 
over  the  plate,  but  have  come  together  into  groups — the  grains  have 
flocculated.  In  this  condition  the  spaces  between  the  grains  are  very 
uneven.  The  spaces  between  the  grains  which  are  clinging  together 
are  extremely  small,  while  the  spaces  between  the  floccules,  or  masses, 
are  relatively  very  large.  This  illustration  may  be  applied  to  the  soil 
itself,  although  all  the  spaces  there  are  relatively  very  much  smaller, 
as  the  grains  are  all  much  closer  together. 

Fig.  1  illustrates  the  condition  of  the  grains  in  a  soil  which  is  pud- 
dled. All  of  the  grains  are  uniformly  distributed  in  the  soil,  and 
the  spaces  between  the  grains  are  nearly  of  uniform  size.  Fig.  2  illus- 
trates the  arrangement  of  the  grains  in  a  loamy  soil  where  the  spaces 
are  of  uneven  size  and  the  soil  is  quite  pervious  to  water. 

While  the  resistance  or  the  friction  in  the  soil  determines  the  propor- 
tion of  the  rainfall  retained  for  the  use  of  plants,  there  exists  in  the  soil, 
in  addition,  the  force  of  surface  tension  or  capillarity,  which  is  able  to 
move  water  from  place  to  place  in  the  soil  and  deliver  it  automatically 
to  the  roots  of  plants  as  it  is  needed.  This  force  and  the  effect  of  differ- 
ent fertilizers  in  increasing  or  diminishing  it  have  been  described  in 
Bulletin  Xo.  4  of  the  Weather  Bureau,  and  need  not  form  a  part  of  this 
paper.  The  forces  which  control  the  arrangement  of  the  soil  grains 
have  also  been  described  in  the  same  bulletin,  and  need  not  be  further 
considered  here. 

By  properly  controlling  the  temperature  and  water  supply  of  a  green- 
house, a  florist  may  have  plants  mature  at  any  season  of  the  year.  In 
accomplishing  this  result,  different  classes  of  plants  require  different 
treatment.  Some  require  much  more  water  than  others.  This  is  also 
true  of  certain  kinds  of  development.  If  it  is  desired  to  force  plants 
to  mature  early  or  to  produce  plants  of  fine  texture,  the  soil  is 
kept  moderately  dry;  if  a  large  leafy  growth  or  late  development  is 
desired,  the  soil  is  kept  more  moist.  In  nature  and  in  extensive  field 
culture  these  conditions,  it  is  true,  can  rarely  be  controlled,  as  we  have 
about  the  same  amount  of  rainfall  over  adjacent  fields,  but  the  soils 
when  different  in  texture  maintain  quite  as  different  conditions  of 
moisture  as  those  supplied  to  different  classes  of  crops  in  greenhouse 
culture,  and  the  conditions  in  each  soil  are  found  best  adapted  to  a  par- 
ticular kind  of  crop. 

Truck,  wheat,  and  grass  crops  illustrate  in  a  marked  degree  the 
effect  of  the  texture  and  physical  properties  of  soils  on  crop  distribution 
and  production. 


TEXTURE  OF  SOME  TYPICAL   SOILS   OF  THE  ATLANTIC    COAST 

STATES. 

The  trucking  interests  of  the  Atlantic  Coast  States  are  confined  to 
light,  sandy  soils ;  wheat  is  most  successfully  grown  on  a  heavy  loam, 
while  the  finest  type  of  grass  land  is  a  strong,  stiff  clay. 

The  light,  sandy  truck  soils  are  so  open  and  porous  that  the  water 
readily  descends  through  them  after  a  rain.  The  heavy  limestone  soils, 
on  the  other  hand,  are  so  close  in  texture  and  so  retentive  of  moisture 
that  the  rainfall  passes  down  through  them  very  slowly  and  they 
maintain  an  abundant  and  uniform  supply  of  water.  The  soils  of  the 
Atlantic  Coast  States,  when  arranged  according  to  the  amount  of  clay 
they  contain,  are  nearly  in  the  order  of  their  relative  agricultural  value, 
as  the  amount  of  clay  largely  determines  the  relation  of  these  soils  to 
water.  This  is  not  universally  the  case,  however,  even  in  these  States, 
as  the  grains  of  soil  may  be  so  arranged  that  the  soil  does  not  maintain 
the  normal  conditions  of  moisture. 

As  a  rule,  stiff  clay  grass  soils,  when  in  favorable  condition  for  crops, 
contain  from  18  to  22  per  cent  of  water,  or  about  400  tons  of  water  per 
acre,  within  1  foot  of  the  surface.  Light,  sandy  truck  soils,  on  the 
other  hand,  offering  but  little  resistance  to  the  descent  of  rain,  main- 
tain only  about  5  or  6  per  cent  of  moisture,  or  about  100  tons  of  water 
per  acre. 

The  conditions  in  the  truck  soils  are  not  favorable  to  wheat,  for  under 
the  dry  conditions  prevailing  in  these  soils  the  plant  does  not  tiller 
well,  but  throws  up  one  or  two  stalks  which  obtain  but  small  size  before 
the  seed-head  develops  and  the  plant  ripens.  The  conditions  are  not 
favorable  for  the  development  of  a  sufficient  amount  of  foliage  to  gather 
plant  food  from  the  soil  and  atmosphere  for  a  large  crop.  The  condi- 
tions in  the  truck  soils  are  still  less  favorable  for  pasture  grasses, 
because  these  should  not  mature.  If  these  truck  soils  were  systemat- 
ically irrigated  and  the  crops  grown  on  them  artificially  supplied  with 
more  water  than  the  soils  themselves  can  maintain  under  existing 
climatic  conditions,  good  crops  of  grass  or  wheat  could  be  produced. 
The  very  conditions  which  make  them  unfit  for  grass  and  wheat  give 
them,  however,  their  peculiar  value  for  forcing  vegetables  to  an  early 
maturity.  The  early  truck  interests  of  the  Atlantic  Coast  appear  to 
be  confined  to  soils  containing  not  over  10  or  12  per  cent  of  clay  in  the 
subsoil. 

On  very  strong  clay  soils  wheat  is  liable  to  make  an  excessive  growth 
of  straw  and  a  relatively  small  yield  of  graiu  in  proportion  to  the 
10 
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amount  of  straw;  it  is  apt  to  lodge  and  is  liable  to  diseases.  The  best 
wheat  lands  contain  from  20  to  30  or  35  per  cent  of  clay  and  maintain 
about  12  or  15  per  cent  of  water. 

Pasture  grasses  require  a  long  period  of  growth  under  relatively 
uniform  conditions  of  moisture  and  temperature.  Grass  lands,  while 
very  retentive  of  moisture,  should  be  well  drained,  so  as  to  give  free 
access  of  air  to  the  roots  of  plants.  A  grass  soil  should  contain  suffi- 
cient clay  to  offer  a  great  resistance  to  the  descent  of  the  rain,  or  the 
soil  grains  should  be  so  arranged  as  to  offer  the  necessary  resistance. 
The  best  grass  lands  contain  from  30  to  50  per  cent  of  clay  and  main- 
tain from  18  to  22  per  cent  of  water. 

Four  illustrations  are  given,  depicting  graphically  the  texture  of 
these  three  types  of  soils  of  the  Atlantic  Coast  and  the  relative  amount 
of  water  they  maintain.  For  this  purpose  the  separations  of  the  differ- 
ent grades  of  material  were  put  into  small  bottles  and  arranged  on 
cards  and  photographed.  The  amount  of  water  contained,  on  an  aver- 
age, in  the  upper  foot  of  these  soils  was  determined  in  sanrples  taken 
each  day  in  a  small  brass  tube  driven  down  to  a  depth  of  12  inches. 

The  mechanical  separation  of  the  different  grades  of  sand,  silt,  and 
clay,  upon  which  the  investigations  of  the  texture  and  physical  prop- 
erties of  soils  are  based,  is  made  by  sifting  the  larger  grains  through 
brass  sieves  and  line  grades  of  bolting  cloth,  while  the  finer  particles 
of  soil  (silt,  fine  silt,  and  clay)  are  separated  by  subsidence  in  water. 

The  types  of  soil  presented  in  this  bulletin  are  based  upon  an  exam- 
ination of  samples  from  a  great  many  widely  separated  localities.  It 
is  possible,  of  course,  that  as  the  work  is  extended  and  more  detailed 
data  becomes  available  these  types  will  be  considerably  modified;  but 
this  is  not  probable,  as  most  of  them  have  been  established  on  the 
basis  of  quite  an  extended  examination  of  the  several  soil  areas. 
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POTOMAC    CLAY    BARRENS. 

It  has  been  stated  that  the  relation  of  the  typical  soil  formations  of 
the  Atlantic  Coast  States  to  moisture  depends  partly  upon  their  text- 
ure, or  the  relative  amount  of  sand,  silt,  and  clay  they  contain,  and 
partly  upon  the  arrangement  of  the  soil  grains,  or  the  structure  of  the 
soil.  The  accompanying  illustration  of  the  subsoil  of  the  Potomac 
formation  of  Maryland  is  a  striking  example  of  the  influence  of  the 
arrangement  of  the  soil  grains  upon  the  relation  of  the  soil  to  water 
and  to  crops. 

It  will  be  seen  from  the  mechanical  analysis  that  this  clay  has  about 
the  same  texture  as  the  limestone  soil,  'No.  937,  which  is  considered  the 
strongest  type  of  grass  land  in  the  State.  These  Potomac  clays,  how- 
ever, form  remarkably  barren  clay  hills,  which  are  hardly  adapted  to  any 
of  our  agricultural  crops.  It  is  a  peculiar  fact  that  the  vegetation  of 
these  clay  hills  is  much  the  same  in  character  as  that  on  the  light,  sandy 
soils  of  the  pine  barrens  in  southern  Maryland,  the  natural  tree  growth 
consisting  principally  of  pines  and  scrub  oaks. 

The  grains  of  clay  are  so  arranged  that  the  soil  has  the  effect  of  being 
puddled.  In  fact,  this  clay  is  used  very  effectively  for  stopping  leaks 
in  pipes  and  in  puddling  trenches  or  ditches.  The  material  is  so  close 
and  water  moves  through  it  with  such  extreme  slowness  that  the  rain 
does  not  enter  it  very  readily.  Plants  likewise  quickly  use  up  the  sup- 
ply of  water  immediately  around  their  roots  and  then  suffer  for  an  ade- 
quate supply,  even  though  the  soil  around  them  may  still  be  quite 
moist,  because  the  movement  of  the  water  up  to  their  roots  is  so  ex- 
tremely slow. 

If  these  clay  lands  are  properly  treated,  they  can  be  made  more  loamy 
and  more  pervious  to  water  through  the  rearrangement  of  the  grains,  and 
the  whole  relation  of  the  soil  to  water  be  distinctly  modified.  With  this 
improvement  the  soils  are  as  productive  as  the  limestone  soils,  but  it  is 
of  course  a  matter  of  considerable  expense  and  requires  great  care  and 
judgment  to  improve  them.  The  barrenness  of  these  soils  is  not  on 
account  of  any  lack  of  plant  food,  but  on  account  of  the  peculiar  struc- 
ture of  the  soil,  or  the  arrangement  of  the  soil  grains,  which  increases 
enormously  the  resistance  in  the  soil  to  the  movement  of  water. 
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DIAMETER    OF  THE   GRAINS    IN    MILLIMETERS. 


TEXTURE  OF  SOME  TYPICAL  SOILS  FROM  THE  WEST. 

LOESS. 

It  lias  been  stated  that  the  relation  of  the  soils  of  the  Atlantic  Coast 
States  to  water  and  the  water  supply  of  plants  is  dependent  mainly 
upon  the  amouut  of  clay  and  upon  the  arrangement  of  the  soil  grains. 
These  may  be  considered  one  great  family  or  group  of  soils,  in  which 
there  are  quite  a  number  of  types  adapted  to  different  agricultural 
interests.  In  the  West  there  are  two  other  types  or  groups  of  soils,  in 
which  there  are  likewise  subtypes. 

Three  illustrations  are  given  showing  the  texture  of  the  loess,  which 
covers  great  areas  in  the  West.  A  large  number  of  samples  of  loess 
have  been  examined  from  different  localities,  particularly  from  Illinois 
and  Nebraska,  and  typical  samples  of  these  are  shown  in  the  illustra- 
tions, including  both  the  river  loess  and  the  upland  loess  of  Illinois, 
The  characteristic  feature  of  the  loess  soils  is  the  very  large  percentage 
of  silt  they  contain,  ranging  usually  from  50  to  70  per  cent.  These  soils 
contain  comparatively  little  clay,  very  much  less  clay  than  soils  of 
equal  agricultural  value  in  the  Atlantic  Coast  States.  A  soil  contain- 
ing 10  per  cent  of  clay  in  one  of  the  Eastern  States  would,  as  a  rule, 
have  no  more  than  10  or  15  per  cent  of  silt,  and  such  soils  generally  are 
too  light  in  texture  for  wheat,  but  the  loess  soil,  containing  10  per  cent 
of  clay  and  50  or  60  per  cent  of  silt,  makes  very  good  wheat  land.  The 
agricultural  value  of  the  soils  of  the  Atlantic  Coast  States  depends 
mainly  upon  the  amount  of  clay  they  contain  and  the  arrangement  of 
the  grains,  but  in  these  loess  soils  the  agricultural  value  seems  to  depend 
upon  the  amount  of  silt  they  contain,  while  the  amount  of  clay  present 
appears  to  be  relatively  unimportant. 
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PLAINS   MARL. 

Agents  of  the  Department  Lave  collected  a  large  number  of  samples 
of  the  "  plains  marl,"  which  covers  an  extensive  area  in  western  Kansas 
and  Nebraska  and  in  eastern  Colorado.  Samples  have  been  examined 
from  about  twenty  localities  in  this  area,  and  the  soils  appear  quite 
uniform  in  texture.  Two  illustrations  are  given,  showing  the  texture 
of  the  typical  plains  marl  in  Kansas  and  Nebraska. 

This  formation  is  characterized  by  containing  a  very  large  percentage 
of  very  fine  sand,  material  one  grade  coarser  in  our  scale  than  the  loess 
which  adjoins  it. 

This  formation  constitutes  another  great  family  or  group.  These 
soils  make  very  fair  wheat  lands.  They  have  the  appearance  and  they 
feel  like  soils  in  the  East  containing  from  20  to  30  per  cent  of  clay.  The 
amount  of  silt  and  clay  in  the  plains  marl  is  relatively  small  and 
appears  to  be  unimportant,  as  the  agricultural  value  seems  to  depend 
upon  the  amount  of  very  fine  sand.  This  ranges  from  50  to  75  per  cent 
in  the  samples  which  have  been  examined,  and  so  far  as  can  be  deter- 
mined the  agricultural  value  appears  to  increase  with  the  amount  of 
this  material. 
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TEXTURE  OF  THE  EARLY  TRUCK  LANDS  OF  THE  ATLANTIC 

COAST. 

The  production  of  vegetables  and  small  fruits  for  the  early  markets 
has  developed  into  a  very  important  and  profitable  industry  along  the 
Atlantic  Coast  from  Florida  to  Massachusetts.  The  truck  crops  are 
grown  upon  light,  sandy  lands,  which  contain  from  1  to  12  per  cent  of 
clay,  the  bulk  of  the  material  consisting  of  moderately  coarse  grains 
of  sand.  The  light,  open  texture  keeps  these  soils  quite  dry.  The 
moisture  content  rarely  exceeds  10  or  12  per  cent,  and  on  the  average 
is  about  5  or  6  per  cent,  while  strong  grass  soils  under  the  same  con- 
ditions would  maintain  18  or  20  per  cent  of  water.  These  dry  condi- 
tions enable  the  crops  to  be  planted  very  early  in  the  spring  and  force 
them  to  an  early  maturity.  Other  things  being  equal,  the  less  clay 
the  subsoil  contains  the  earlier  crops  will  mature.  Soils  containing 
from  1  to  6  per  cent  of  clay  are  best  adapted  to  Irish  potatoes,  sweet 
potatoes,  asparagus,  melons,  pease,  and  tomatoes,  and  in  general  those 
crops  which  are  usually  planted  in  the  spring.  These  soils  are  too 
light  in  texture  for  cabbage,  spinach,  and  small  fruits,  because  these 
fall-planted  crops  can  not  stand  the  winter  well  on  such  light  lands. 
Such  crops  are  better  adapted  to  the  heavier  truck  lands,  containing 
from  6  to  12  per  cent  of  clay,  for  the  crops  can  stand  the  winters  very 
well  and  thus  have  an  advantage  in  the  longer  growing  period  over 
crops  which  are  planted  in  the  spring  on  the  lighter  truck  soils.  Irish 
potatoes  will  mature  at  least  ten  days  or  two  weeks  later  on  a  soil  con- 
taining from  8  to  10  per  cent  of  clay  than  on  a  soil  containing  from  2 
to  6  per  cent,  while  fall-planted  crops,  such  as  cabbage,  spinach,  and 
small  fruits,  will  mature  quite  as  early  on  the  heavier  truck  soils,  and 
will  produce  a  larger  yield  per  acre  and  a  better  crop  in  texture. 

Proximity  to  large  bodies  of  water  has  a  marked  effect  upon  the  time 
of  maturity  of  truck  crops,  as  it  insures  the  crop  against  injury  from 
late  spring  frost  and  enables  one  to  plant  at  least  two  weeks  earlier 
than  would  otherwise  be  safe.  A  soil  situated  immediately  adjacent  to 
the  water,  or  on  a  point  of  land  surrounded  on  two  or  three  sides  by 
water,  matures  crops  fully  ten  days  or  two  weeks  earlier  than  similar 
soils  situated  half  a  mile  inland. 

On  account  of  this  protection  against  frost  and  the  early  maturity  of 
the  crops,  as  well  as  the  advantages  of  cheap  water  transportation, 
lands  situated  immediately  adjacent  to  the  water  have,  as  a  rule,  a 
much  higher  value  for  truck  farming  than  inland  soils  of  the  same 
character. 
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The  accompanying  illustrations  show  the  texture  of  the  very  early 
truck  soils  and  the  heavier  truck  lands  from  a  number  of  typical  local- 
ities along  the  Atlantic  Coast.  It  will  be  noticed  that  these  samples, 
taken  from  widely  different  localities,  are  very  uniform  in  texture  and 
form  a  distinct  type  of  soil.  In  each  of  these  localities  soils  containing 
from  1  to  G  per  cent  of  clay  are  classed  as  the  earliest  truck  soils,  while 
those  containing  over  6  per  cent  are  considered  heavier,  and  are  fre 
quently  designated  as  " cabbage  land." 
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TEXTURE  OF  SOME  IMPORTANT  TYPES  OF  TOBACCO  SOILS. 

TOBACCO   LANDS    OF   PENNSYLVANIA. 

Tobacco  lias  been  a  very  important  crop  on  the  limestone  soils  of 
Pennsylvania,  where  a  dark,  heavy  cigar  wrapper  is  produced,  of  the 
same  general  type  as  the  Cuban  leaf.  When  dark  cigars  are  in  style, 
our  domestic  supply  of  wrappers  comes  mainly  from  these  heavy  lime- 
stone lands.  When  light-colored  cigars  are  in  demand,  as  at  present, 
the  domestic  supply  comes  mainly  from  the  lighter  loamy  soils  of  Penn- 
sylvania and  from  the  light  sandy  soils  of  the  Connecticut  Valley. 

These  limestone  soils  contain,  as  a  rule,  from  30  to  50  per  cent  of 
clay.  They  are  extremely  fertile,  being  admirably  adapted  to  wheat 
and  grass. 
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TOBACCO   LANDS    OF   THE    CONNECTICUT    VALLEY. 

The  characteristic  tobacco  of  the  Connecticut  Valley  is  grown  upon 
light  sandy  soil  bordering  the  Connecticut  Eiver  and  having  the  same 
general  texture  as  the  early  truck  soils  of  the  Atlantic  Coast.  The 
tobacco  j)rodueed  upon  these  light  soils  has  a  light  color  and  a  mod- 
erately thin-textured  leaf  with  small  ribs  and  veins.  It  resembles  the 
Sumatra  type,  with  which  it  has  to  compete. 

The  percentage  of  clay  in  the  soil  has  a  marked  effect  upon  the  color 
and  texture  of  the  wrappers.  As  a  rule,  soils  containing  the  least 
amount  of  clay  produce  the  lightest  and  finest-textured  wrappers.  The 
yield  per  acre  is  less  than  on  the  heavier  soils,  but  the  crop  brings  a 
better  price  per  pound. 

The  illustrations  of  the  tobacco  soils  of  Poquonock  and  East  Hart- 
ford, Conn.,  and  of  Hatfield,  Mass.,  show  the  texture  of  the  finest  type 
of  tobacco  lands  of  the  Connecticut  Valley.  There  are  soils  in  the 
Connecticut  Valley  containing  a  very  large  amount  of  silt  (55  to  65  per 
cent),  and  although  they  contain  but  a  small  percentage  of  clay  the  soil 
is  close  and  heavy  and  very  retentive  of  moisture.  Tobacco  grows  very 
coarse  and  rank  on  these  soils,  and  the  wrappers  are  unsuited  to  our 
domestic  markets  at  present.  If,  however,  the  style  should  change  and 
dark  cigars  again  come  in  fashion,  these  soils  would  again  be  cultivated 
in  tobacco,  and  the  light,  sandy  soils  would  have  to  be  abandoned. 

Illustrations  are  given  showing  the  average  amount  of  water  main- 
tained by  the  soils  at  Poquonock,  where  the  light  wrappers  are  pro- 
duced, and  of  the  heavj7,  limestone  soil  at  Marietta,  Pa.,  where  the 
dark  wrappers  are  grown.  The  Connecticut  Valley  soils  contain  about 
7  per  cent  of  moisture,  while  the  other  contains  18  per  cent. 
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TOBACCO    LANDS    OF    CUBA. 

Samples  of  tobacco  soils  have  been  received  from  a  number  of  dis- 
tricts of  Cuba,  including  the  Vuelta  Abajo,  Santa  Clara,  Eemedios, 
Gibara,  Mayari,  and  Yara  districts.  The  samples  were  received  with 
little  information  or  description,  and  there  has  been  no  personal 
examination  of  the  lands  by  an  expert  from  this  division.  Until  this 
is  done  and  the  soils  and  other  conditions  of  these  districts  have  been 
thoroughly  examined  it  will  not  be  safe  to  generalize  much  from  the 
limited  amount  of  data  which  has  been  obtained. 

Six  samples  have  been  examined  from  the  Vuelta  Abajo  district  and 
four  from  the  Eemedios  district  around  Camajuani.  The  samples  from 
each  of  these  localities  are  very  uniform,  and  it  is  believed  that  they 
represent  somewhat  closely  the  typical  soil  conditions.  An  illustration 
is  given  of  the  texture  of  a  sample  from  each  of  these  two  districts. 

It  will  be  noticed  in  examining  the  illustrations  that  the  soils  of  the 
famous  Vuelta  Abajo  district  contain  very  little  clay,  ranging  from  2.60 
to  9.35  per  cent  in  the  six  samples  which  have  been  examined.  The 
soils  have  comparatively  little  silt,  but  contain  from  35  to  55  per  cent  of 
very  fine  sand.  The  texture  of  these  soils  is  not  unlike  that  of  the 
tobacco  soils  of  the  Connecticut  Valley. 

The  soils  adapted  to  the  Eemedios  tobacco  "are  very  much  heavier. 
Three  of  the  samples  examined  contain  from  34.85  to  37.71  per  cent  of 
clay,  the  other  containing  only  about  19  per  cent.  The  Eemedios 
tobacco  is  very  much  stronger  and  darker  than  that  grown  upon  the 
lighter  soils  of  the  Vuelta  Abajo  district,  as  would  be  expected  from 
the  difference  in  the  texture  of  the  soils.  The  samples  of  the  Eemedios 
tobacco  soils  examined  are  quite  similar  in  texture  to  the  tobacco  soils 
of  the  limestone  area  of  Pennsylvania. 

Only  one  or  two  samples  have  been  received  from  each  of  the  other 
tobacco  districts  of  Cuba,  and  the  data  obtained  does  not  warrant  any 
generalization  at  this  time. 
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TOBACCO    LANDS    OF    SUMATRA. 

Several  samples  of  soil  have  been  examined  from  Sumatra,  all  of  them 
said  to  be  well  adapted  to  the  best  type  of  Sumatra  wrappers.  They 
are  from  the  following  estates:  Tandjong  Geoneung,  Eimboen,  and 
Behalla.  The  texture  of  the  sample  from  the  Eimboen  estate,  which 
seems  to  be  an  average,  is  shown  in  one  of  the  following  illustrations. 
This  is  evidently  of  volcanic  origin,  as  much  of  the  coarser  material 
consists  of  fragments  of  pumice. 

These  samples  contain  from  1  to  12.75  per  cent  of  clay,  the  rest  of 
the  mineral  matter  being  quite  evenly  distributed  between  several 
grades  of  sand  and  silt.  The  sample  which  is  shown  here  contains 
23.41  per  cent  of  organic  matter  and  over  12  per  cent  of  moisture  in 
the  air-dry  sample.  Another  sample  contained  over  26  per  cent  of 
organic  matter,  while  two  samples  from  the  Behalla  estate  contained 
about  9  and  10  per  cent, 

The  texture  of  these  soils  is  not  very  different  from  the  texture  of  the 
tobacco  soils  of  the  Connecticut  Valley,  except  in  the  amount  of  organic 
matter  they  contain.  The  climate,  of  course,  is  very  different  and  for 
this  reason  the  soil  conditions  are  undoubtedlv  dissimilar. 
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BRIGHT-TOBACCO   LANDS    OF   THE    SOUTH. 

Samples  of  tlie  soils  adapted  to  bright  tobacco  have  been  collected 
from  many  localities  in  West  Virginia,  Virginia,  North  and  South  Caro- 
lina, Louisiana,  and  Tennessee.  The  soils  recognized  by  practical 
farmers  to  be  adapted  to  this  crop  in  these  several  States  have  the 
same  texture — very  light  sandy  soils  containing  not  over  10  per  ceut 
of  clay  and  composed  largely  of  the  medium  grades  of  sand.  Four 
illustrations  are  giveu,  showing  the  texture  of  the  bright- tobacco  soils 
in  as  many  States. 

Investigations  have  been  made  of  the  amount  of  water  contained  in 
these  soils,  and  it  has  been  found  that  the  most  favorable  growing  con- 
ditions are  when  the  soil  has  between  6  and  8  per  cent  of  moisture. 
When  the  soils  contain  more  than  10  per  cent  of  moisture,  they  are  too 
wet  for  the  crop,  and  the  plants  are  inclined  to  be  coarse  textured  and 
dark  colored.  When  the  soils  contain  less  than  5  per  cent  of  moisture, 
crops  suffer.  If  the  deficiency  is  not  too  marked,  the  plant  has  a  finer 
texture,  and  a  brighter  color  can  be  given  in  the  curing,  but  while  the 
quality  is  thus  improved  the  yield  per  acre  is  very  much  less,  and  it  is 
a  question  whether  the  increased  value  of  the  crop  per  pound  compen- 
sates for  the  smaller  yield  per  acre. 

The  tobacco  produced  on  these  light  sandy  soils  is  used  for  cigarettes, 
chewing  tobacco,  and  light  grades  of  smoking  tobacco. 
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EXPORT-TOBACCO  LANDS  OF  THE  SOUTH. 

There  are  great  areas  of  land  iu  Virginia.  Xorth  Carolina,  Tennessee, 
and  Kentucky  where  heavy,  dark-colored  types  of  tobacco  are  grown. 
Some  of  these  are  suitable  for  growing  smoking  and  chewing  tobacco 
for  our  domestic  markets,  but  many  of  them  are  unsuited  to  our  domes- 
tic needs.  These  are  shipped  to  England.  France,  Germany.  Italy, 
Austria,  and  other  foreign  countries.  The  type  of  tobacco  adapted  to 
several  of  these  foreign  markets  differs  considerably.  It  is  found  in 
practice  that  the  tobaccos  adapted  to  these  different  purposes  and  dif- 
ferent markets  are  grown  upon  different  types  of  soil,  as  the  soil  condi- 
tions determine  in  a  very  marked  degree  the  character  of  the  tobacco 
produced.  There  has  not  been  enough  detailed  work  done  on  the  ship- 
ping tobacco  soils  to  enable  an  intelligent  classification  to  be  made  and 
types  established  representing  the  soils  best  adapted  to  the  different 
types  of  tobacco.  The  lands  are  all  heavier  than  the  bright  tobacco 
lauds,  and  as  a  rule  the  more  retentive  they  are  of  moisture  the  darker 
and  heavier  the  type  of  tobacco  produced.  The  cultivation  of  tobacco 
has  been  given  up  on  large  areas  of  heavy  clay  lands,  as  the  tobacco 
raised  thereon  was  too  dark  and  strong  for  any  of  our  present  needs. 
A  medium  grade  of  clay  loam  is  at  present  used  for  the  shipping  to- 
baccos. Two  illustrations  are  given,  showing  the  texture  of  a  shipping 
tobacco  in  the  Glarksville  district  of  Tennessee  and  near  Xewstead, 
Kentucky. 

It  will  be  noticed  that  these  soils  contain  a  very  large  amount  of 
silt  and  only  about  20  per  cent  of  clay.  They  are  quite  similar  in  tex- 
ture to  the  loess  soils  of  the  West.  They  contain  much  more  clay  than 
the  blight  tobacco  soils,  but  this  is  not  a  measure  of  their  retentive- 
ness  of  water,  for  the  large  amount  of  silt  has  a  marked  influence  upon 
the  water-holding  power  of  soils,  as  was  pointed  out  in  describing  the 
loess  soils  of  the  West. 

These  medium-grade  shipping  tobacco  soils  maintain  on  an  average 
about  15  per  cent  of  moisture  for  plants. 
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WHITE   BURLEY   TOBACCO   LAND. 

The  White  Barley  tobacco,  used  largely  for  smoking  and  chewing,  is 
grown  upon  the  very  heavy  limestone  soils  of  Tennessee,  Kentucky,  and 
Ohio.  The  soil  maintains  a  uniformly  large  supply  of  moisture,  and  the 
plant  makes  a  very  large,  rank  growth.  An  illustration  is  given  show- 
ing the  texture  of  a  typical  White  Bur  ley  tobacco  land  in  the  limestone 
soils  near  Lexington,  Ky. 

An  illustration  is  also  given  showing  graphically  the  relative  amount 
of  water  maintained  in  equal  weights  of  the  soils  adapted  to  these 
three  classes  of  tobacco. 


